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(54) Susceptor for semiconductor manufacturing equipment and process for producing the 



same 

(57) A susceplor for semiconductor manufacturing 
equipment obtained by laminaling plural aluminum 
nitride (AIN) ceramic €ul>strates with a high melting 
point metallic layer and an adhesive layer, and in partic- 
ular, the aluminum nitride (AIN) ceramic substrate con- 
tains a compound of a Group 3a element in an amount 
of from 0,01 to 1% by weight in terms of the element, 
and the balance consisting essentially of aluminum 
nitrkle (AIN), in which the average particle size of an AIN 
crystal is from 2 to 5 jrni. The susceptor is prepared by 
obtaining substrates from a mixture of the nr^aterial pow- 
ders through the steps of molding, sintering in a non- 
oxidizlng atmosphere at 1 .600 to 2,000*C and forming 
into a desired substrate shape, and then laminating a 
plurality of the thus obtained substrate with a high melt- 
Jng point metallic layer and an adhesive layer inserted 
between the suk>strates. firing the laminate in a non-oxi- 
dizing atmosphere at 1.500 to 1.700" and finishing the 
fired laminate. 
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Description 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

[0001] The present invention relates to a susceplor for semiconductor manufacturing equipment which retains a sem- 
iconductor raw material by means of electrostatic charge, and more particularly, a susceptor for semiconductor manu- 
facturing equipment formed by laminating plural aluminum nitride ceramic substrates with a high melting point metallic 
10 layer and an adhesive layer, the susceptor being used for a surface treatment of a silicon semiconductor wafer material 

2. Description of the Background Art 

[0002] In the production of an LSI. an integrated circuit having fine wiring patterns is formed on the surface of a silicon 
15 sen^conductor wafer. In order to establish an electrical insulation between the wiring patterns, an insulating f Im of sili- 
con dioxide, silicon nitride or the like is formed by using various CVD means, such as plasma CVD, normal pressure 
CVD. etc. Hereinafter, this is referred to as "surface treatment". In this surface treatment, the wafer is treated one by one 
and a susceptor for retaining the wafer is required. This will be explained about the case of an electrostatic chuck 
method using a ceramic susceptor (chuck) by way of example. As schematically shown in Figure 1, a semlcortductor 
20 wafer 2 is placed on the susceptor 1 . Reference numeral 9 denotes a thick-film electrode for endowing an electrostatic 
chucking function by applying an electric field to the susceptor through a direct current power source 10. The electrode 
is generally composed a metallic layer of a high melting point metal such as W, Mo. etc. In general, a heater 3 for heat- 
ing up the wafer 2 is provided urxier the susceptor. A direct current power source 7 gives an electric field to an electrode 
6 and a CVD material gas 4 is supplied in a vacuum chamber 5 from an upside of the susceptor 1 , and plasma 8 is elec- 
ts trically generated. In such a manner, a film as mentioned above is formed on the surface of the wafer 2. The susceptor 
is required to have a high thermal corxJuctivity, so as to rapidly conduct heat from the heater, so that the wafer uniformly 
healed. Further, in order to retain the retaining position of the wafer with a high precision, the susceptor is required to 
have a high dimensional precision. 

[0003] A fairly high direct current voltage (generally about 1 kV) must be applied between the electrode for chucking 

30 and the ground. For this, the aforesaid thick-film electrode is formed. A method for this film formation includes the so- 
called co-fire metallizing method arxi the so-called post-fire metallizing method. The former is a method, in which a layer 
of a material comprising mainly the high melting point metal is formed (generally by printir^g and coating a conductive 
paste) on a green body (green sheet) of ceramic powder, followed by laminating, and the ceramics and the high melting 
point metallic layer are simultaneously sintered. Th& later is a method, in which a layer of a raw material comprising 

35 mainly a high melting point metal is formed (generally by printing and coating a conductive paste) on a substrate com- 
posed of a sintered ceramic body and then several these sintered bodies are laminated. Further, the high melting point 
metallic layer is fired by sintering. The former is advantageous in producing a multilayer wiring substrate for a semicon- 
ductor device at a low cost as compared with the latter. However, in the former method, since a large number of thin 
sheets are laminated, the resuharrt sintered bodies are subjected to a large deformation. Therefore, this method is 

40 undesirable when a susceptor having a large outer diameter and a high dimensional precision is desired. 

[0004] The outer diameter of a wafer to be surface-treated is rapidly becoming large. Therefore, the size of a suscep- 
tor for holding it is also required to be large and, in the case of a circular shaped susceptor. the currently required size 
is 200 to 300 mm in diameter and its thickness is generally about 5 to 50 mm. However, it is considered that a susceptor 
having a larger diameter will be demanded in the future. Also, with the increasing trend toward fine and highly dense 

45 wiring on wafers, it will be increasingly inportant to ensure a high precision in the arrangement of wiring patterns. 
Therefore, the precision of the retaining position of the wafer should be highly improved, and the dispersion of the thick- 
ness of the susceptor in the direction of the main plane and the demanded tolerance of the flatness are becoming 
severe. For example, there is a severe demand in that when the outer diameter is 200 mm and the thickness of 5 mm, 
the allowable tolerance of the thickness is pIusAninus several tens }int arxJ that of the flatness is about 100 jim. As 

so described above, there Is a strong demand for larger suceptors with a higher dimensional precision. Therefore, there 
are difficulties in applying conventional production processes of multilayer wiring substrates for semiconductor devices 
without modifications. 

[0003] The mode for retaining (chucking) a wafer includes a mechanical method chucking mechanically, an electro- 
static chucking method using electrostatic charge, and a vacuum suction method sucking with vacuum. Among them 
55 the mechanical method has been mainly used in which an aluminum (Al) article that has an enhanced corrosion resist- 
ance to plasma by forming an anodic oxide film is used as a susceptor. However, in recent years Ihe spacing between 
wirings is narrower with rapid increase in density of an LSI. When the wafer or susceptor is corroded by plasma, they 
generate dusts. If the dusts are adhered on the wafer as contaminants, there is a serious problem in that the wiring pat- 
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terns of an LSI is broken and forms short circuit, to decrease the yield of the wafer. In order to avoid this problenfi. it is 
required to use a susceptor having a superior corrosion resistance to a raw material gas or often clean a chamber. 
Cleaning means removing the dusts by using a gas. such as NF3. CF4. etc.. which has a higher corrosion activity than 
the raw material gas and reacts with the dusts and such a gas is hereinafter referred as "reaction medium" or simply as 

5 "medium". The above-mentioned susceptor made of aluminum is liable to be corroded by the mediura Accordingly, in 
order to solve the problems, an electrostatic chuck method using ceramics having excellent corrosion resistance as a 
susceptor has been used In recent years, as described in Ceramics, vol. 30. No, 11, p. 999 to 1001 (hereinafter, the 
ceramic susceptor used in this method is called "an electrostatic chuck" or simply called "a chuck"). 
[0006] As described in tfie foregoing article, a material suitable as such a electrostatic chuck includes ceramics com- 

10 posed mainly of alumina (AI2O3), aluminum nitride (AIN), boron nitride (BN). etc. Among ttiese, aluminum nitride-based 
ceramics comprising mainly aluminum nitride (AIM) (hereinafter simply called "aluminum nitride" or "AIN*^ is excellent 
in corrosion resistance to the medium and also is excellent in thermal corxJuctivity- When aluminum nitride ceramics is 
sufficiently densified, for example, defects such as pores are extremely snr^ll to have a density of 98% of the theoretical 
density, it has a high corrosion resistance to a fluorine compound and the amount of dusts generated from the chuck 

15 can be largely decreased. Accordingly, the contanni nation of the wafer described above can also be prevented, and 
simultaneously the life of the chuck Itself can be prolonged. Due to its high thermal conductivity, even when the outer 
diameter of a wafer becomes large, uniform heating of the wafer is relatively rapidly conducted owing to its quick uniform 
heating. In order to form a circuit having fine patterns with uniform quality and thickness, it is necessary to precisely con- 
trol the surface temperature of a wafer. Accordingly, the electrostatic chuck made of aluminum nitride ceramics is t>Ging 

20 spread quickly, 

[0007] A method for the preparation of such a ceramic substrate includes a method in which thin molded bodies 
(green sheets) are laminated and sintered and a method In which relatively thick bodies (compacts) are sintered. For 
example, in order to obtain an electrostatic chuck having a thickness of 5 mm by the former method, 1 0 sheets or more 
of thin green sheets having a thickness of approximately 0.5 mm are prepared and laminated. In this case, a large 

2S amount of an organic binder is required to be incorporated into the thin sheets in order to retain the shape thereof. 
Therefore, the proportion of volatile components which are driven off during the firing step is increased and the sintering 
shrinkage becomes considerably large. For example, in the case of aluminum nitride which per se shows a relatively 
large shrinkage on sintering, when it is sintered in a such manner, considerable warp or deformation cannot be avoid- 
ably occurs and thereby adhesion among the individual lamination units becomes insufficient. As a result, the lamina- 

30 tion interface of the sintered laminate is liable to be peeled (hereinafter, also referred to as 'Vokl'O. The dispersion of 
shrinking percentage in the main plane is generally about 1%. However, if tine deformation is large, a finishing treatment 
for a long period of time In tiie main plane is required in order to meet the severe requirement for high dimensional pre- 
cision. Further, the dispersion in thickness in the direction of the main plane of the finished body becomes large. Fur- 
thermore, thick-film electrodes (shown at 9 in Fig. 1) interposed between ceramic substrate layers will be deformed 

35 corresponding to tiie deformation of ceramics. For example, the electrodes are formed with a pattern as shown in Fig. 
3 in the direction of the main plane. When the dimensional dispersion of the ceramic substrate is large, the dimensional 
dispersion of the electrode pattern also becomes large. Due to such dispersion in thickness of tie substrate or elec- 
trode pattern, unevenness of the adhesion performance on chucking (i.e., chucking adhesion power) is formed in the 
main plane. Therefore, when using sheets prepared by the doctor blade method, the outer diameter that is stably pro- 

40 duced is 100 mm at most. Accordingly, when tt is applied to one having a large diameter having an outer diameter 
exceeding 100 mm, which is being demanded particularly in recent years, tiie yield of products is poor, and the mass 
productivity is poor. In order to improve tinis, the latter metiiod, in which the proportion of the volatile component during 
firing is relatjvely small, is advantageous as compared with the former method. 

[0008] On the other hand, the latter method is a method in which material powders are nxilded under pressure after 
45 being fined in a mold (dry nrwkling) or nrolded by extruding a kneaded article thereof, followed by sintering. In this 
meWiod, sintering procedures of tiie ceramics main body and the high melting point metallic layer are conducted sepa- 
rately and a product having a relatively large thickness can be molded. Accordingly, the problems in the former can be 
relatively easily avoWed. When polish finishing of both the main planes after sintering, straightening at a high tempera- 
ture and simultaneous sintering bonding on application of heat and pressure are conducted, substantially nodeforma- 
50 tion occurs on the subsequent firing of the high melting point metallic layer. Therefore, a product having higher 
dimensional precision than the former method can be suff icientiy obtained. 

[0009] However, since aluminum nitride ceramics is difficult to be sintered when its constitutional component is only 
AIN, generally a sintering aid containing a Group 2a element (Be Mg, Ca, Sr, Ba and Ra) or a Group 3a element (Y, Sc, 
lanthanum series elements and actinium series elements) is added to aluminum nitride and sintering is conducted at a 
55 high temperature of ^, 600^*0 or more under a liquid phase of the sintering aid. While these sintering aids generally 
become vitreous materials, these vitreous materials are liable to be decomposed by the atxjve-mentioned high temper- 
ature plasma containing fluorine. The reaction product formed by decomposition of the viti-eous materials is volatilized 
and dispersed into the high temperature medium to become dusts, and is released from th susceptor to remain as a 
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hole. This lowers the corrosion resistance of the susceptor and shortens the life of the susceptor itself. Further, dusts 
are newly generated from the part of the holes and cause contamination of wafers. It is therefore preferred that the 
amount of the sintering aid to be added be small. However, when the addition amount of the sintering aid is too small, 
the sintering becomes difficult to cause a problem in that a dense product cannot be obtained. 
5 [0010] Japanese Patent Publication No. 63435/1993 discloses aluminum nitride ceramics in which a Group 3a ele- 
ment as a sintering aid is uniformly dispersed in a small amount and contains a small amount of a vitreous phase. In 
column 7, lines 26 to 34 of the publication, there is suggested thai because the aluminum nitride ceramics contains a 
small arrxjunt of a vitreous phase composed of the sintering aid. it is relatively suitable as the usage aimed in the inven- 
tion. 

10 

.NUMMARY OF THE INVENTIOrM 

[0011] The inventors have continued studies and investigations based on the material described in the above publi- 
cation to prwide an elecirostatic chuck that could be stably produced with nr^intaining the above-mentioned dimen- 
15 sional precision and practical performance. As a result, an electrostatic chuck of high quality that has not been obtained 
conventionally could be obtained by modifying or specifying the composition and the method for molding and sintering 
while controlling the AIN aystal particle size or the amount of defects of the aluminum nitride ceramics so as to ensure 
a high dimensional precision. 

[001 2] Accordingly, the electrostatic chuck that the invention provides is (1) a susceptor for semiconductor manufac- 

20 turing equipment formed by laminating plural substrates comprising an aluminum nitride ceramic with a high melting 
point metallic layer and an adhesive layer. In the electrostatic chuck of the invention, (2) it is preferred that the aluminum 
nitride ceramic comprises a compound of a Group 3a element in an amount of from 0.01 to i% by weight in tenns of 
the element, and the average particle size of an AIN crystal is from 2 to 5 jim. It is preferred that (3) the thermal con- 
ductivity of the aluminum nitride ceramic is 150 W/m • K or more. 

25 [0013] Further, the invention includes (4) a susceptor in which the uppermost substrate of the laminated substrates 
corrprises a ceramic other than aluminum nitride ceramic and (5) a susceptor in which the uppermost sutjstrate of the 
laminated substrates is coated with a diamond layer. Furthermore, the invention includes (6) a susc^tor in which the 
substrate has 5 or less of pores having a maximum diameter exceeding 1 jim at a triple point of grain boundaries in an 
arbitrary rupture section of 1 ,000 p. rr? and (7) a susceptor in which the high melting point metallic layer comprises at 

30 least one el ement selected from the group consisting of W, Mo and Ta, and in which the same layer comprises low melt- 
ing point glass. It is preferred that (8) the low melting point glass Is an oxide glass comprising at least one element 
selected from the group consisting of Ca. Ai and Si, and the invention involves (9) a susceptor In which tiie adhesive 
layer comprises 80% by weight or nrrare of aluminum nitride (AIN) and the balance consisting essentially of a compound 
of an element of Group 2a and an element of Group 3a of the periodic table. 

35 [0014] The production process of an electrostatic chuck provided by the present invention Is as follows: That is. the 
invention provides (1) a process comprising a step of forming a mixture by adding a powder of a sintering aid to a pow- 
der of aluminum nitride and mixing these powders (step i); a step of forming a mokJed body by molding the mixture 
(step 2); a step of forming a sintered txjdy by firing the nx)lded body in a non-oxidizing atnosphere at a temperature 
range of from 1 ,600 to 2.000**C (step 3); a step of forming a substrate by working the sintered body into a desired shape 

40 (step 4): a step of preparing a plurality of the substrates, and a material fornning a high melting point metallic layer and 
a material forming an adhesive layer as insertkan materials (step 5); a step of forming an assembly by laminating tiie 
substrates with sandwiching the insertion materials (step 6); a step of firing the assembly into a laminate in a non-oxi- 
dizing atnx>sphere at a temperature range of from 1 ,500 to 1 ,700**C (step 7); and a step of finishing the laminate (step 
S)- 

45 [001 5] The present invention includes (2) a process in which in tiie step 1 . a powder of a compound containing at least 
one element selected from elements of Group 3a of tiie periodic table in an amount of from 0.01 to 1% by weight in 
terms of the element is added and mixed as the sintering aid; (3) a process in which in the step 3. the molded body is 
fired in a non-oxidizing atmosphere at a temperature range of from 1 ,600 to 2,000*0. and then cooled to l ,500*C at a 
cooling rage of 200 "^C per hour or more to form a sintered body; (4) a process in which in the step 5, a ceramic other 

so than an aluminum nitride ceramic is provided as tiie uppermost one of the substrates to be laminated; and (5) a process 
in which the step 8 includes forming a diamond layer onto the uppernxist substrate of the laminated subst-ates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

65 [0016] 

Fig. 1 is a diagram schematically showing a semiconductor film formation apparatus of the electrostatic chucking 
typ according to the invention. 
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Fi9S. 2A - 2C are diagrams schematically showing the laminated structures of the susceptors for semiconductor 
manulacturing equipment according to the invention. 

Fig. 3 is a diagram showing an example of the formation pattern of the high melting point metallic layer on the sus- 
ceptor of the invention. 

5 

HFTAII Fn ngSCRIPTIQN OF THE PREFERRED EMBODIMENTS 

[001 71 The electrostatic chuck provided by the invention is a susceptor for semiconductor manufacturing equipment, 
which is formed by laminating the plural aluminum nitride ceramic substrates with the high melting point metallic layer 

10 and the adhesive layer as described above. An electrostatic chuck having a representative lamination structure accord- 
ing to the invention is schematically shown in Rgures 2A-2a In the figures, numeral 1 1 denotes a ceramic substrate, 
and 9 denotes an insertion layer, in which 1 2 denotes a high melting point metallic layer (thick film electrode) for gener- 
ation of static charge, and 1 3 denotes an adhesive layer provided for adhering the electrode melting point metallic layer 
and the substrate. Fig. 2A is the case where the number of the lamination substrate layers is 2, and Figs. 2B and 2C 

15 are the cases where the number o1 the lamination substrate layers is 3. In the case of 2-sheet lamination, the order of 
the two layers in the insertion layer is the high melting point metallic layer and the adhesive layer, from the side of the 
lower substrate. In the case where 3 sheets of Fig. 2B. the adhesive layer and the high melting point metallic layer are 
arranged in this order in the insertion layer from the central substrate to the upper side and the lower side. That is, in 
the case of Fig. 2B. the arrangement is symmetrical with respect to the auxiliary line represented by the broken line. In 

20 the case of Fig. 2C, the high melting point metallic layer and the adhesive layer are arranged in this order in the insertion 
layer from the central substrate to the upper side, and the adhesive layer and the high melting point metallic layer are 
arranged in this order in the insertion layer from the central substrate to the lower side. That is. in the case of Fig. 2C. 
the arrangement is unsymmetrical with respect to the auxiliary line represented by the broken line. The anangemenl of 
the insertion layer of Fig. 2c can be understood as viewed from the lower side that the an-angement of the insertion layer 

25 in Fig 2A is laminated. In the case where 2 sheets of the substrates are laminated, the electrostatic chuck of the inven- 
tion has the lamination constitution in Fig. 2A. and in the case where the 3 or more sheets of the substrates are lami- 
nated, it has the lamination constitution 28 or 2C when an arbitrary lamination unit containing 3 substrates is extracted, 
[00181 In the structure described above, in which plural substrates are laminated, while aluminum nitride ceramics are 
generally employed as all the ceramic substrates, the uppermost ceramic substrate may comprise ceramics other than 

30 aluminum n'rtride ceramics depending on the film formation condition of the semiconductor wafer and the cleaning con- 
dition of the interior of the chamber on practical use. In this case, it is preferred to use ceramics having a relatively high 
thermal conductivity and electric insulation property, such as alumina series ceramics (ceramics comprising AlgOg as 
the main component), boron nitride series ceramics (ceramics comprising BN as the main component). As the ceramic 
substrate used in the electrostatic chuck of the invention, those described above are materials involving no problem 

35 from the standpoint of corrosion resistance. However, when a very high corrosion resistance Is required, it is preferred 
to use one containing AIN in an amount of 99% by weight or more. By using such aluminum nitride ceramics having a 
high AIN purity as the substrate, the damage on the surface of the substrate and wearing of the substrate in a plasma 
atrTX>sphere containing fluorine are lowered. When the amount of AIN becomes smaller than 99% by weight, the 
amount of the grain boundary phase, which is poor in corrosion resistance, becomes relatively large in the substrate. 

40 and there is a tendency that the damage on the surface of the sUDStrate and wearing of the substrate on practical use 

are increased. . * • • 

1001 91 It is preferred that the component of the grain boundary phase of the substrate is constituted by one containing 
at least one of Group 3a elements. This is because, for example, an oxide of yttrium (Y) is excellent in corrosion resist- 
ance to the plasma described above. The volume of the grain boundary phase is preferably 0.9% by volume or less of 

45 the sintered body The measurement of the volume percentage in this case is conducted in such a manner that an arbi- 
trary ruptured or polished plane of the ceramic substrate is observed by a scanning electron microscope, and surface 
analysis of the element constituting the grain boundary phase on the two-dimensional projected image. More specifi- 
cally the intensity of the characteristic cun/e of the same component element in the surface is measured and the 
obtained result is converted to a volume percentage by using a calibration cun/e produced by using a sample, the vol- 

50 ume percentage of the same element of which has been known. Cations other than those of Group 3a elements in the 
sintered body become a factor of generation of dust and thus it is preferably 0.5% by weight or less (value obtained by 

spectral analysis). . ,x « «= 

I0O20I As the AIN crystal particles in the sintered body, those having an average particle size of from 2 to 5 fim are 
preferred and those having an average particle size smaller than 5 jim are more preferred. Its thermal conductivity is 
55 preferably 150 W/m • K or more. When the average particle size is less than 2 m, the relative volume of the gram 
boundary phase is increased, and there is possibility that the corrosion resistance to the plasma described above 
becomes poor. When the average particle size exceeds 5 p.m, defects present in the triple point of the grain boundary 
of the ceramics (mainly pores) become large, and there is possibility that the plasma corrosion resistance becomes 
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poor. Its thermal conductivity is preferably as high as possible to exhibit rapid thermal conduction function of the elec- 
trostatic chuck. Particularly, in the case where the substrates are laminated to form a multi-layer structure, because the 
electrostatic chuck contains the high melting point metallic layer and the adhesive layer as the insertion layers, which 
have lower thernnal conductivity than the substrate, the thermal conductivity of the substrate is preferably 150 W/m • K 
5 r more, 

[0021] Moreover, the ceramic substrate is preferably a dense product having a relative density (ratio of a density 
measure by the submerge method to the theoretical density) of 99.5% close to the theoretical density. When pores are 
present in the substrate, its surroundings are liable to be corroded by plasnna, and a defect, in which impurities are 
deposited (which is called a crater hereinafter), is liable to be formed. Further, when the frequency of the presence of 

10 pores In the substrate is high, the frequency of generation of defects such as crater after exposure to plasma becomes 
high, and as a result, contamination of the surlace of the semiconductor vwafer wrill become further serious. According 
to the generation of the defects, the impurities deposited in the defects are scattered as dusts, which phenomenon 
accelerates removal of AIN particles around the defect parts. Thus, the extent of contamination of a virafer is increased 
by increasing the number of sheets to lower its production yield, and at the same time, the life of the electrostatic chuck 

75 is also lowered. As a result of investigation of the above substrate composition, the inventors have confirmed that there 
is proportionality between the frequency of p resence of pores per unit area of the substrate before exposure to plasma 
and that after exposure to plasma. It has also been confirmed that it is important to suppress the size of irxiividual 
pores. 

[0022] The present inventors have found that it is desirable to suppress pores having a maximum diameter exceeding 

20 1 p.m present at a triple poirrt of grain boundaries in an arbitrary rupture section of 1,000 n m^ to 5 or less. In this case, 
language "a maximum diameter exceeding 1 iinf means that when a circle of 1 \im is so arranged on the pore that their 
centers substantially agree with each other, at least a part of outer circumference of the pore sticks out from the outer 
circumference of the circle. The measurement of the size and number of the pores is conducted by using a two-dimen- 
sional projected image (photograph) obtained by observing an arbitrary rupture section of the ceramic substrate by a 

25 scanning electron microscope. The measurement of the size and number of craters after use is cor»ducted by using a 
two-dimensional projected image (photograph) obtained by observing an arbitrary exposed surface of the ceramic sub- 
strate by a scanning electron microscope, as substantially the same as above. By using the sut>strate, in which the pore 
density (frequency of presence of pores) is controlled, as described alx>vG, the frequency of generation of the above- 
described secondary defects formed by corrosion can be considerably suppressed. 

30 [0023] In the electrostatic chuck of the invention, when a plurality of the high melting point metallic layers are inserted, 
one of them is used as an electrode applying an electric field to the chuck. All the high melting point metallic layers 
exhibit the function of relaxing thermal stress on installation and practical use to ensure the borxiing strength. The thick- 
ness of the insertion layer is preferably from 1 to 100 nm. When it is less than 1 ^im, a gap is liable to be formed at the 
bonding interface, and there is a case where the bonding strength is lowered. When it exceeds 100 nm, the proportion 

35 of the layer containing the vitreous component which has mechanical strength and thermal conductivity lower than the 
substrate material, is increased. Accordingly, there is a case where the bonding strength is lowered, and the thermal 
conductivity in the direction of thickness of the electrostatic chuck is lowered. 

[0024] The high melting point metallic layer preferably contains at least one element selected from the group consist- 
ing of W, Mo and Ta. These elements are present in the same layer as a metal or an alloy, and the total amount of them 

40 in the same layer is preferably 50% by weight or more. The most preferred method for forming the high melting point 
metallic layer is that a conductive paste containing a high melting point metal is coated by printing and fired. The film 
formation can be conducted by other methods including a method, in which a foil containing the metal is placed on the 
substrate, followed by adhered with pressure, and when a thin layer is sufficient, the conventional film formation method 
such as vapor deposition, in which a thin fflm of the metal is formed on the ceramics. When the procedure, in which 

45 these components are coated onto the substrate by printing, followed by firing, is conducted, low melting point glass is 
added to the conductive paste to accelerate sintering of the particles of the high melting point metal in the layer and 
simultaneously to ensure the bonding strength between the layer and the substrate. 

[0025] Especially, in the case of the substrate having a large AIN amount therein, the low melting point glass is used 
to enhance the wettability with AIN in the substrate and to accelerate sintering of the particles of the high melting point 

so metal so that the bonding strength between the laminated sul5strates is enhanced. For this, oxide glasses containing at 
least one element selected from the group consisting of Ca. A! and Si are preferred and among these glasses an oxide 
glass having a composition comprising Ca, Al and Si in amounts of from 5 to 30% by weight, from 20 to 60% by weight 
and from 20 to 60% by weight, respectively, as converted to their oxides, CaO, AI2O3 and SiOa, is wore preferably used. 
Also. in the case where the uppermost substrate layer is constituted by ceramics other than aluminum nitride ceramics, 

55 the above-described species can be substantially applied as the low melting point glass layer. 

[0026] As the adhesive layer, a nnaterial that exhibits good adhesion to the high melting point metal and the substrate 
and provides a high Ixinding strength with ttiem (hereinafter sometimes called "peeling strength^ is selected. Specifi- 
cally, it is preferable that either one a material comprising aluminum nitride as the main component and having a melting 
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point lower than the substrate or a material comprising as the main component the same oxide glass as the low melting 
point glass included in the high melting point metallic layer is selected. More preferably, in both cases ol the former and 
latter materials, the lower melting point glass is an oxide glass including at least one selected irom the group consisting 
ot Ca. Al and Si. In the former case, it is particularly preferred 1o comprise 80% by weight or more of aluminum nitride 
and the balance consisting essentially of compounds of an element of Group 2a and an el ement of Group 3a of the pen- 
odic table. In the case where the high melting point metallic layer contains the above^escribed oxide glass phase, by 
using the adhesive layer having such a composition, the wettability to the same layer is considerably improved, and the 
thermal conductivity of the adhesive layer itself can be relatively high. In the latter case, since the adhesive layer exhib- 
its a good adhesion to both the substrate surface and the high melting point metallic layer, a further enhanced bonding 
strength can be obtained. Further, since the adhesive layer contains no aluminum nitride, the cost can be reduced. In 
the former case, when the adhesive strength is regard as important rather than themnal conductivity, it is possible that 
AIN is not added to the adhesive layer, or its amount in the adhesive layer is less than 80% by weight When the sub- 
strates are bonded with only the high melting point metallic layer without the adhesive layer as the insertion layer, the 
bonding strength is insufficient since the metallic elements in the high melting point metallic layer do not contribute to 
adhesion, and a problem nr^y arise, such as peeling on use as an electrostatic chuck. 

[0Q271 Moreover a diamond layer may be formed on the wafer-mounting face of the uppermost one of the laminated 
substrates Since diamond has a high thermal conductivity (about 1,000 W/m -K). the diamond layer improves heat 
transfer to a wafer and the surface temperature of the wafer is further rapkJIy heated uniformly Accordingly, an insulat- 
ing layer can be formed on the wafer with a unlfornn composition and an even thickness. The thickness ol the diamond 

20 layer is 100 )im or less. . . „ n / 

10028] The warp in the direction of the nnain plain of the susceptor according to the present invention is 0.3 ^m/mm 
or less Further the dispersion width of outer dimensions (for example, the outer diameter D. the width of a slit part. etc. . 
of a pattern shciwn in Fig. 3) of a pattern of the high melting point metallic layer is 1% or less. TTierefore. when an insu- 
lating film is formed on a wafer, the film formation can be effected with an even thickness and a high dimensional pre- 
2$ cision while ensuring a stable electrostatic chucking function. 

[00291 The process for producing an electrostatic chuck according to the invention is as described above. First, in the 
step 1. as the raw material powder of aluminum nitride used, one having an average particle size of 1 jim or less, an 
oxygen content of 2% by weight or less and a cation impurity content of 0.5% by weight or less is preferably used. By 
using such fine and uniform raw material powder, fine particles of powder containing a Group 3a element are uniformly 
dispersed on their suriace by mixing, and thus a sintered body having a uniform average particle size and uniform com- 
position can be obtained after sintering. TTius. a substrate suitable for the electrostatic chuck can be easily obtained. 
[00301 As the sintering aid used, powder of a compound of Group 3a element is preferable. The average particle size 
of the powder is preferably 1 jim or less, and more preferably 0.5 \xm or less. In order to uniformly finely dispersed the- 
particles of the sintering aid on the surface of the particles of the AIN powder as the main raw material, it is preferred to 
use organic salts of these elements. For example, a stearate. a palmitate and various alkoxides may appropnately be 
used as the organic salt. However, other organic salts can be used as long as they are converted into metal oxides 
through thermal decomposition by firing. It is the most preferred to add in the form of a stearate among these. These 
components are preferably added in an amount range of from 0.01 to 1% by weight in terms of amounts converted to 
the Group 3a element The mixed powders may further be added with small amounts of an organic binder component 
such as paraffins. PVB (polyvinyl butyral) and PEG (polyethylene glycol) as a nrroWing assistant. In order to prevent solid 
dissolution of oxygen into the AIN crystals in advance and to thereby obtain a sintered body having high thermal con- 
ductivity a small amount of a carbon source may be added for removing oxygen (deoxidizing) on the surface of the raw 
material' powder when firing. Such a carbon source includes graphite, a phenol resin, etc. As a medium used on mixing, 
in order to avoid mixing of a cation irrpurity other than the metal as the main component, in general, an organic matenal 
such as nylon, which is volatile on firing, and a material similar to the substrate material such as aluminum nitride are 
preferably used. As a mixing solvent, an organic solvent is generally used to suppress decomposition of the AIN pow- 
der Acconding to the above-described selection of the raw materials and the mixing conditions, mixed powders, in 
which an extremely thin film containing a Group 3a element is uniformly and finely formed on the surface of the particles 
of the AIN powder, are obtained 

[00311 Various methods can be applied to the step 2 of the invention. However, the dry powder molding method and 
the extrusion moWing method, in which the amount of the molding binder is small, is preferred to make the shrinkage 
on sintering small and to make possible the attainment of a molded body having a relatively large thickness, in compar- 
ison to the doctor blade method forming a molded body in the form of a thin plate and the injection moWing method, in 
which the amount of the binder is targe. Particularly, the dry isostatic pressing is the most preferred molding method 
since the density distribution within the molded body can be suppressed, and as a result, the molded body relatively 
uniformly shrinks on sintering. In the case where the molding method is such a dry powder moWing method, it is desir- 
able from the viewpoirit of enhancing the moldabifity that the mixed powder is formed into a granule form that has high 
packing f lowability and high packing bulk density by granulation. While the granulation may be conducted by using the 
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various conventional granulation methods. In order to increase the bulk density oi the granulated powder, it is preferred 
to prepare two kinds of granulated powders, in which the particle size ratio of coarse particles to tine particles is in the 
range of from 2/1 to 3/1. The thus obtained powders are mixed in a ratio by weight of the coarse particles to the fine 
particles of about from 3/1 to 5/1. Alternatively, granulated powder having such two kinds of average particle sizes may 
be prepared. For example, from 15 to 25% by weight of granulated povwder having an average particle size of from 50 
to 100 )im and from 75 to 85% by weight of granulated powder having an average particle size of from 130 to 300 iim 
are mixed. By combining such granulation method and isostatic pressing, a molded body having an apparent density 
on powder molding that is 60% or more with respect to the theoretical density of the sintered body can be easily 
obtained, and the shrinkage percentage on sintering and its dispersion within the molded body can be suppressed to 
relatively small values. 

[0032] While depending on the shape of the molded bodying, when a nnolded body is formed by a dry molding method 
using granulated powder having unsuitable granulated partide size constitution or using non-granulated powder, or by 
a wet molding method, the shrinkage percentage on its sintering is generally about 20%. and its dispersion within the 
molded body is about 1%. On the other hand, in the case where isostatic pressing is conducted by using the above- 
mentioned granulated powder, the shrinkage percentage of the molded body can be suppressed to 17% or less, and its 
dispersion with the molded bodies is suppressed to 0.7% or less. Depending on the molded shape, the shrinkage per- 
centage can be suppressed to about 1 5% or less. In the case where the molding is conducted by the extrusion molding, 
it is preferred that the amounts of the binder and the solvent are reduced as possible to decrease the amount ol the 
volatile component on heating, and deaeration on kneading is sufficiently conducted, so that the factors fomning voids 
during sintering the molded body are suppressed as possible. By selecting the suHable moWing method to suppress the 
dispersion of the shrinkage percentage within the molded body to a small value, the deformation amount on sintering 
is suppressed, and the cost for finish working after sintering can be reduced- Therefore, it is suitable means for manu- 
facture of a substrate having a large diameter and a small thickness aimed by the invention. 

[0033] In the step 3, the molded body thus obtained is heated in a non-ooddizing atmosphere, generally in an atmos- 
phere containing nitrogen, at a temperature range of from 1.600 to 2,000''C. Sintering temperature and time vary 
depending on the characteristics of the raw material powders, the production conditions before sintenng, the total 
amount of the sintering aids. etc. By sintering at Ihe temperature within this range, a dense sintered body having an 
average particle size of from 2 to 5 ^m.generally less than 5 nm. can be surely obtained. Preferably, it is cooled in the 
subsequent cooling step to 1 .500**C at a cooling rate of not lower than 200'^C per hour By employing the cooling step. 
so the component of the grain boundary becomes uniform within the sintered body to make the grain boundary phase uni- 
form, and a substrate having more uniform quality, excellent corrosion resistance and a long life can be obtained. In 
general, the sintering atmosphere is preferably an atmosphere containing nitrogen. When the sintering temperature is 
less than 1 .600°C. the sintering becomes insufficient, and the objective dense sintered body cannot be obtained. When 
the sintering temperature exceeds 2.000*'C. the average particle size exceeds 5 jim, and in the case of a thin article. 
35 deformation is liable to be occur. 

[0034] In the step 4. the sintered body is subjected to finish working to make a substrate. The electrostatic chuck is 
required to be excellent in srrioothness of the uppermost main plane, by which a semiconductor material is retained, 
and in parallel property and flatness between that plane and the lowermost main plane. In particular, the sintered body 
having a large diameter, for example that having a size of a diameter exceeding 100 mm. is generally difficult to have 
the above<lescribed properties within the level demanded if it is in a condition immediately after sintering. Therefore, a 
margin for working in tiie step 4 must be expected in the preceding step. 

[0035] In the step 5. plural substrates having been subjected to finish working, and. as an insertion material, a nnate- 
rial for forming the high melting point metallic layer and a material for forming the adhesive layer are prepared. As the 
material for forming the high melting point metallic layer, a conductive paste containing the above-described high melt- 
ing point metal is preferably used. Into the paste, the above-described low melting point glass and the conventional 
organic substance for adjusting viscosity are contained. In tinis case, the conductive paste is printed and coated in a 
desired pattern on the surface of one substrate, to which another substrate is adhered through the layer. Thus, a pre- 
cursor of the layer Is formed. The method for applying the precursor of the high melting point metallic layer include, other 
than the method of coating by printing, a method in which a material, such as a metallic foil containing the high melting 
point metal is arranged, and a method in which the same component is arranged by means Including vapor deposition 
and dip costing. As the material for forming the adhesive layer, the above-described materials is used to obtain high 
bonding strength between the high melting point metallic layer and the substrate. With respect to the method for appli- 
cation, various methods including a method in which a paste composed mainly of tiie above-described matenals is 
coated by printing are applied. It is preferred that the material of the insertion layer is those capable of making the inser- 
tion layer itseH being excellent as possible in thermal conductivity and corrosion resistance. From this point of view, one 
comprising tungsten (W) as the main component is preferred for the high melting point metallic layer, and one compris- 
ing corrposed of the above-described AIN as the main component is preferred for the adhesive layer. The invention 
involves a method in which after firing the high melting point metallic layer on one substi-ate by the post-metal I izing 
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method, a precursor of the adhesive layer is arranged thereon, followed by firing, and then conducting assembly in the 
step 6, or after firing the high melting point metallic layer onto the substrate by the post-metallizing method, and then 
conducting assembly. According to these procedures, adverse effects to the pattern of the high melting point metallic 
layer due to the formation of the adhesive layer. For example, blurring with a paste of the high melting point metalfic 
5 layer can be prevented from occurring. 

[0036] As described in the foregoing, several means can be considered for the application method of the insertion 
layer in the assembly step 6 and the firing step 7 of the invention. Particularly, in this case, after a precursor of the high 
melting point metallic layer is applied on the surface of one substrate as in the fixed condition (or arranged in a non-fixed 
condition), and a precursor of the adhesive layer is applied on the surface of the other substrate facing the former sub- 
10 strate in the fixed condition (or arranged in a non-fixed condition), these surfaces are adhered to laminate the sub- 
strates, and a laminated body to which the respective layers are inserted is produced by firing (method 1). Alternatively, 
after a precursor of the insertion layer composed of the two layers is applied to the surface of one substrate in a fixed 
condition (or arranged in a non-fixed corxJition), the surface of the substrate and the surface of the other sul^strate. on 
which the precursor of the insertion layer is not applied (or arranged) are adhered to laminate the substrates, and a lam- 
is inated body to which the respective layers are inserted is produced t>y firing (method 2). Any of these methods 1 or 2 
may be conducted. With respect to the firing condition for the layer comprising the precursor applied, it is conducted in 
a non-oxidizing atnrxi^here (generally in a nitrogen atmosphere) at a tenrperature range of from 1,500 to 1 ,700^*0. In 
the case where precursor layers of the individual layers of the insertion layer are previously applied to the substrate by 
means, such as vapor deposition, followed by firing, the substantially same procedures as above nr»ay k>e conducted. In 
20 the case where a solid matter such as a metallic foil and powder is used as a material for the insertion layer, procedures 
may be employed, in which an assembly comprising the substrates between which the materials are inserted without 
applying the precursors is fired or fired with pressure to laminate and unite plural substrates at once. The firing condi- 
tions in this case may follow the above. 

[00371 When the individual substrates before laminating has an outer diameter of 100 mm or less, and the warp and 

25 deformation amount on sintering is relatively small, it can be produced by the co-firing method described above. That 
is, a substrate molded body conesponding to this substrate size is formed in the step 2, a conductive paste containing 
the high melting point metal is directly coated to this, A material for forming the adhesive layer is further inserted to 
arrange according to the desired order of lamination, the high melting point metallic layer and the ceramic substrates 
are simultaneously sintered in the step 3, to produce a material of the electrostatic chuck contemplated by the invention, 

30 in which plural substrates are laminated, at low cost 

[0038] In the electrostatic chuck of the invention, electrically insulating ceramics other than aluminum nitride ceramics 
are used as the uppernrrast substrate as described above. Preferred ceramics include, for example, those having rela- 
tively high thermal conductivity, such as alumina series ceramics (mainly composed of AI2O3) and boron nitride series 
ceramics (mainly conposed of BN). In the case where these ceramics are employed, the lower layers of the substrates 

35 are preferably constituted by aluminum nitride ceramics to ensure the sufficient thermal conductivity of the whole body 
of the electrostatic chuck. With respect to the constitution of the insertion layer (the high melting point metallic layer and 
the adhesive layer) used in lamination of the substrates, tiie above-described constitution may t>asical!y applied. 
Depending on the conrposition of the substrate, after producing a lower part comprising substrates of aluminum nitride 
ceramic laminated, the above other ceramic substrate separately sintered may be bonded as the uppermost part with 

40 inserting the above-described insertion layer. Alternatively, ceramic siiastrates of the lower layer to the uppermost layer 
are individually sintered separately, a laminated body to which tiie insertion layer is inserted is produced by firing at 
orx;e. 

[0039] The electrostatic chuck according to the invention can be produced as united witii the heater provided at its 
lower part (see Figure 1). For example, depending on the material of the heater, it is possible that a material for the heat- 
45 ing part formed in the form of a line pattern or a plate pattern is inserted. As another method, onto a layer of the heating 
part which has previously been formed on the ceramic substrate, another ceramic substrate is placed so that the heater 
can be embedded and fixed simultaneously with firing the ceramic matrix. Because the ceramic to be the matrix of the 
heater is required to have high thermal corxiuctivity, the matrix is preferably can be constituted with alunninum nitride 
ceramics. 

50 [0040] The laminate is finished to the finally desired size in the step 8. The laminate of this present invention has a 
small warp as compared with conventional ones. Accordingly, the nrargin for the finishing treatment can be reduced and 
the trouble for working can be omitted. As mentioned above, in some case a diamond layer is formed onto the upper- 
most layer of the substrate and the layer is usually formed by vapor phase film formation processes such as heater fil- 
ament CVD, microwave plasma CVD, direct plasma CVD, etc. 

55 

Example 1 

[0041] AIN powder having an average particle size of 0.8 ^m. an oxygen content of 1% by weight and a cation impurity 
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content of not greater 0.3% by weight; as a sintering aid. yttrium oxide powder and yttrium stearate powder having an 
average particle size of 0,3 jum; and as an organic birxler. PVB were prepared. The AIN powder and the sintering aid 
powder were weighed in such a nianner that the amount of the sintering aid became the parts by weight in terms of Y 
element as shown in Table 1, and the balance part by weight was AIN. As the organic binder. 3% by weight of PVB 

5 based on the total (100% by weight) of them was weighed. Thereafter, they were mixed with a ball mill for 12 hours in 
an alumina pot by using nylon balls in an ethyl alcohol solvent. The resulting slurry was spray dried to be granulated into 
a granule condition of substantially spherical shape, in which the proportion of the particles having an average particle 
size of 80 |im was about 20% by weight, and the proportion of the particles having an average partide size of 200 \im 
was about &0% by weight (granulated powder 1). Separately, the slun-y was spray dried to be granulated into a granule 

io condition of substantially spherical shape that comprised granules having an average particle size of 100 ^im (granu- 
lated powder 2). These powders were filled in a rubber mold with vibration and subjected to isostatic pressing at a pres- 
sure of 2 tons/cm^, so as to mold into a shape having a diameter of 300 mm and a thickness of 7 mm (molding method 
1). With respect to the granulated powder 2. a part thereof was molded by a dry press method with a pressure of 1 
ton/cm^ (molding method 2). A molded body that was produced by molding the granulated powder 1 by the molding 

15 method 1 had a bulk density of about 63% of the theoretical density of a sintered body; a nKilded tKXly that was pro- 
duced by molding the granulated powder 2 by the molding method 1 had a bulk density of about 55% of the theoretical 
density; and a molded body that was produced by nrrolding the granulated powder 2 by the molding method 2 had a bulk 
density of about 50% of the theoretical density. The bulk density herein was obtained by dividing the weight of tiie 
molded body by its volume to obtain the apparent density and then dividing the apparent density by the theoretical den- 

20 sity of the same molded body composition (the density value of the same composition that is conpletely densified). 
[0042] After removal of the PVB. the resulting molded body was maintained In an atmosphere of a nitrogen gas 
stream at the temperature and time shown in Table 1 , was cooled to a temperature of 1 .SOCC at a rate shown in Table 
1. and then allowed to be cooled to room temperature, so as to obtain a sample of a sintered body. The shrinkage per- 
centage on sintering of the rrxjlded body of the granulated powder 1 was akxjut 16% in both the direction of diameter 

25 and the direction of thickness, and that of the molded body of the granulated powder 2 was about 20%. The samples 
attached to in tine column of cooling rate in Table 1 were not cooled to a temperature of 1 .500°C at a constant cooling 
rate, but was spontaneously cooled in a furnace from the sintering temperature to room temperature. A part of the 
resulting sintered bodies was cut out as a test sample for measuring thermal conductivity, etc.. and. as shown in Table 
1 , was measured for relative density (a percentage of the density measured by the submerge method to the theoretical 

30 density of the respective sample composition), thermal conductivity (calculated from the thermal diffusion rate obtained 
by the laser flash method), defect density (in a two-dimensional projected photograph obtained by observation of a pol- 
ished surface by a scanning electron microscope, the number of pores having a maximum diameter exceeding 1 p,m 
present at the grain boundary triple point within a view field corresponding to 1,000 pm^ was counted). Y amount (spec- 
tral analytical value of the sintered body), and tiie average particle size of the AIN crystal particles (in a two-dimensional 

35 projected photograph obtained by observation of a ruptured surface by a scanning electron microscope, the arithmetic 
mean of all the particle sizes cut by the two diagonal lines being calculated in trial as the average particle size). In Sam- 
ple Nos- 1 to 1 7 in Table 1 . the Y conrponent was added in tiie form of yttrium stearate on mixing the raw materials, and 
it was molded in the condition of the granulated powder 1 by the above-mentioned molding method 1 ; in Sample Nos. 
1 8 to 20, the Y component was added in the form of yttrium oxide on mixing the raw materials, and it was molded in the 

40 condition of the granulated powder 1 by the above-mentioned molding method 1 ; in Sample Nos. 21 to 23. tiie Y com- 
ponent was added in the form of yttrium stearate on mixing the raw materials, and it was nrwlded in the condition of tiie 
granulated powder 2 by the above-mentipned molding method 1; and in Sample Nos. 24 to 26. the Y component was 
added in the form of yttrium stearate on mixing the raw nr^terials, and it was molded in the condition of the granulated 
powder 2 by the atxjve-mentioned molding method 2. 
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[0043] When the above-described disk shaped sintered saniples were measured for surface roughnes5(Rmax) of the 
main plane and warp in the direction of the diameter of the main plane without polish working. Sannple Nos. 1 to 20, 
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which were molded by using the granulated powder 1 by the rnolding method 1. had those values falling within the 
ranges of 5 jim or less and 5 nm/mm or less, respectively. Samples Nos. 21 to 23. which were molded by using the gran- 
ulated powder 2 by the molding method 1 . and Samples Nos. 24 to 26. which were molded by using the granulated pow- 
der 2 by the molding method 2 had a surface roughness (Rmax) of the main plane falling wrthin the range of 5 ^im or 
less, but their warp in the direction of the diameter of the main plain was 7 nm/mm or more. Particularly, those molded 
by using the granulated powder 2 by the molding method 2 exhibited a warp of 1 0 nm/mm or more. The samples includ- 
ing samples of Comparative Exarrples were subjected to finish working to have a thickness of the sample of 2.0 ± 0.05 
mm. and a diameter of 200 mm ± 0.5 mm. and the flatness in the direction of main plane and the surface roughness 
(Rmax) were about 0.07 mm and about 1 p.m, respectively. 

[0044] Separately. AI2O3 powder having an average particle size of 1 \xrr\ and a cation impurity content of not greater 
than 0 4% by weight: as a sintering aid, magnesium palmitate powder, magnesium stearate powder, silicon oxide (Si02) 
powder, and calcium carbonate (CaCOg) powder; and as a binder, PVB were prepared. The AI2O3 powder and the 
magnesium palmitate povwder were weighed in an anrxaunt of 3 parts by weight in ternis of Mg element for the magne- 
sium palmitate. and the balance composed of AI2O3 (Sample No. 27). TTie AI2O3 powder, the magnesium stearate pow. 
der, the SiOa powder and the CaCOa powder were weighed in an anrxjunt of 3 parts by weight in terms of Mg element 
for the magnesium stearate. in an amount of 2 parts by weight in terms of Si for the SiOz. in an anrount of 2 parts by 
weight in terms of CaO for the CaCO^, and the balance parts by weight being AI2O3 (Sample No. 28). Furthermore, as 
an organic binder. 3% by weight of PBV was weighed based on the total (100% by weight) of them. Thereafter, they 
were mixed In a ball milt, as similar to the case of AIN. and the resulting slurry was spray dried to produce granulated 
powder having the same granulation constitution as in the granulated powder 1 . Each resulting powder was molded by 
isostatic pressing in a rubber mold in the same nnanner as in the nrwiding method 1 to provide a molded body having a 
diameter of 300 mm and a thickness of 7 mm. The bulk density of the molded body was about 62% of the theoretical 
density of the sintered body. ennon 
[0045] After removal of the PVB, the resulting molded body was maintained in nitrogen at a temperature of i .600 O 
for 6 hours, and then gradually cooled to roonn temperature to obtain a sample of a sintered body. These samples of 
sintered bodies were evaluated for the same items as in the case of AIN in the same manner. The results obtained are 
shown in Table 2. The shrinkage percentages on sintering in the direction of diameter and the direction of thickness 
were about 1 7%. 



TABLE 2 



No. 


Relative density (%) 


Thermal conductiv- 
ity (W/m • K) 


Defect density 


Amount of sintering 
aid (% in terms of 
element) 


Average particle size 
of main crystal (jim) 


27 


99.5 


18 


5 


7 


5 


28 


99.5 


20 ' 


5 


7 


5 



I0046I The above disk shaped sintered body sanrples were measured without polishing for warp in the direction of 
diameter of the main plane and surface roughness (Rmax) of the main plane, and the values thereof were 5 H-m/mm or 
less and S ^lm or less, respectively. The samples were subjected to finishing treatment to have a thickness within a 
range of 2.0 ± 0.05 mm and a diameter within a range of 200 mm ± 0.5 mm, so that the warp in the direction of the mam 
plane was about 0.25 ^inn/mm and the surface roughness (Rmax) was about 1 }im. 

100471 The same slurry as Sample No. ^ 4 in Table 1 was prepared. It is provided that the binder PVB was added in 
an amount of 10 parts by weight per 1 00 parts by weight in total of the AIN powder and the sintering aid powder. In Sam- 
ples Nos 29 to 32. the slurry was subjected to a dryer of an outer steam heating type, so that the solvent content was 
reduced to 10% by weight, and after kneading the same, it was extruded to be a sheet having a thickness of 7 mm. Ihe 
sheet was punched out to a disk shape having a diameter of 360 mm. to be an extruded molded body. Separately, 
extruded molded bodies in the form of a rectangular shape for measuring thermal conductivity were produced. The bulk 
density of the extrusion molded bodies after drying was about 66% of the theoretical density of the sintered body These 
samples were subjected to drying and renr>oval of the binder over a longer period of time than the case of Sample No. 
1 4 and then sintered in the conditions of Table 3 described later. The shrinkage percentage on sintering in the direction 
of diameter and the direction of the thickness was about 17%. The samples of the sintered bodies were measured for 
same items as in the case of AIN in the same manner. The results obtained were shown in Tat>le 3. 
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TABLE 3 



Mn 
(NO. 


Sintering condition 


rate ("C/hr) 


density (%) 


Thprmal 
conductiv- 
ity 

(W/m-K) 


npfpct den- 
srty 


Y amount 
(wt%) 


AIN aver- 
age parti- 
cle size 

(m) 




Tenrtpera- 
ture (^'O 


Time 
(hours) 














29 


1,850 


5 


180 


100 


240 


4 


0.8 


4.1 


30 


1,850 


5 


200 


100 


240 


4 


0.8 


4.2 


31 


1.850 


5 


300 


100 


240 


3 


0.8 


4.2 


32 


1.850 


5 




100 


240 


4 


0.8 


4.3 



[0048] The above disk shaped sintered samples were measured for the warp In the direction of the diameter of the 
main plane and the surlace roughness (Rmax) of the main plain without polishing, and as a result these values were 
20 about 6 jim/mm and 5 pim or less, respectively. The samples were subjected to finishing treatments to have a thickness 
within the range of 2.0 ± 0.05 mm and a diameter within the range of 200 mm ±0.5 mm, and to have a warp in the direc- 
tion o1 the main plane of about 0.25 |im/mm and the surface roughness (Rmax) of about 1 \im. 

[0049] Samples Nos. 33 to 35 were the sannples using the doctor blade molding method. In this molding method, the 
amount of the organic binder must be increased. A slurry having 20% by weight of PVB added to the powder having the 

25 same raw materials and composition as in Sanrple No. 1 4 was prepared in the same conditions. The slurry was molded 
with a doctor blade and subjected to heatng for drying, followed by punching out. In order to obtain a product having 
the thickness corresponding to the final shape of this sample as described above, a molded body having a thickness of 
0.9 mm and a diameter of 365 mm was produced, and 8 sheets of the molded bodies were laminated with inserting fine 
powder conrposed mainly of AIN to obtain a secondary molded body (Sample No. 33). For comparison to Sample No. 

30 3, a secondary nrwlded body was produced by laminating 8 sheets of the disk shaped nralded bodies which had a diam- 
eter of 250 mm and the same thickness as that of Sample No. 33 and were prepared in the same procedure as Sample 
33 (Sample No. 34). Similarly, a further secondary nrtolded body was produced by laminating 8 sheets of the disk 
shaped molded bodies having a diameter of 100 mm and the same thickness (Sample No. 35). As simitar to the above, 
test samples for measuring thermal conductivity were produced. The bulk density of each molded body was about 66% 

35 of the theoretical density of the sintered body The samples were subjected to drying ar^J removal of the binder over a 
longer period of time than Sample No. 14, and then sintered urxier the conditions shown in Table 4 below. The shrink- 
age percentage on sintering was about 20% in both the direction of diameter and the direction of thickness. The sam- 
ples of the sintered bodies were evaluated for the same items in the case of AIN in the same manner. The results 
obtained are shown in Table 4. 

40 



TABLE 4 



No. 


Sintering condition 


. Cooling 
rate (°C/hr) 


Relative 
density (%) 


Thermal 
conductiv- 
ity 

(W/m*K) 


Defect den- 
sity 


Y amount 
(wt%) 


AIN aver- 
age parti- 
cle size 
(^m) 




Tempera- 
ture ("C) 


Time 
(hours) 














33 


1.850 


5 


180 


100 


242 


4 


0.8 


4.2 


34 


1.850 


5 


200 


100 


242 


4 


0.8 


4.3 


35 


1.850 


5 


300 


100 


242 


4 


0.8 


4.3 
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[0050] When the disk shaped sintered samples were measured for warp in the direction of the diameter of the main 
plane and surface roughness (Rmax) of the main plane without polishing treatment, all the samples exhibited a surface 
roughness of 5 jun or less, but the warp was about 8 \im/mm in Sample No. 33. about 7 jim/mm in Sample No. 34. and 
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about 6 ^im/mm in Sample No. 35. i.e.. the larger the diameter was. the larger the deformation amount on sintering was. 
The samples were subjected to finishing treatment to have a thickness within the range of 2.0 ± 0.05 mm, a diameter 
within the range of 200 mm ± 0.5 mm. a warp in the direction of the main plane of about 0.25 ^im/mm. and a surtace 
roughness (Rmax) of about 1 p-m. 

5 [0051 1 According to the abovendescribed data, it is understood that by controlling the amount of the sintering aid and 
the retaining temperature arxJ time for the sintering within the ranges of the invention, aluminum nitride ceramics having 
the objective average particle size and defect density and having a thermal conductivity higher than a certain value can 
be obtained. A sintered body having a small warp in the stage of sintered raw material can be obtained by employing 
the dry molding method, in which the granulation method of the powder is appropriately modified, even if the large diam- 

10 eter body is desired. Accordingly, the margin for the finishing treatment can be small and the trouble for working can be 
omitted. Thus, it can be understood that a product suitable for the object of the invention can be obtained. This is com- 
mon to ceramics other than aluminum nitride. In the extrusion molding method, the deformation amount after sintering 
becomes somewhat larger than the dry molding method, but a product having a large diameter meeting the object of 
the invention can be substantially obtained. In the case of a molding method, such as the doctor blade method, in which 

15 the amount of powder is small and the amount of ihe organic binder is large, the thickness of the molded body that can 
be molded becomes considerably thin in comparison to the above-described molding methods (dry molding method 
and extrusion molding method), and thus in order to produce a sintered body having a thickness corresponding to the 
thickness obtained by the above-described dry molding method and extrusion moWing method, a large nunnber of 
sheets of molded bodies have to be laminated before sintering. Furthermore, because the deformation anrount of the 

20 individual sheets laminated is large, it is understood that there occurs a limitation on producton and quality in that a 
product having a smaller diameter can be produced. 

Example 2 

25 [0052] The same AIN powder as in Exarrple 1 : as a sintering aid, ytterbium oxide powder having an average particle 
size of 0.4 ^im, neodymium oxide powder havirtg an average particle size o1 0.3 ^m, lanthanum oxide powder having an 
average particle size of 0.3 ^m and calcium oxide powder having an average particle size of 0.3 \im\ and as an organic 
binder. PVB were prepared. The AIN povifder and the sintering aids were weighed in such a nr^anner that the weiglits of 
the sintering aids in terms of the respective elements were the individual amounts shown in Table 5, the total amount 

30 of wh\dh was 0.8 pari by weight, and the balance was AIN. Furthermore, as an organic binder, 10% of PVB was 
weighed based on the total amount (100%) of them. They were mixed in an alumina pot of a ball mill using nylon balls 
in an ethyl alcohol solvent for 12 hours. The resulting slurry was spray dried to granulate into the granule state of almost 
the spherical shape, in which granules having an average particle size of 70 |Lim was about 22% by weight, and granules 
having an average particle size of 21 0 jim was about 78% by weight These powder were charged in a rubber mold with 

35 vibration, and the isostatic pressing was conducted at 2 tons/cm^ to mold into a shape having a diameter of 350 mm 
and a thickness of 7 mm. The bulk density of the resulting molded body was about 62% of the theoretical density of the 
sintered body 

[0053] After removal of the PVB, each of the resulting molded bodies was sintered in a nitrogen gas stream atmos- 
phere urKlerthe same condition as in Sample No. 14 in Example 1, to obtain a sample of a sintered body. The shrinkage 
40 percentage of all the samples on sintering was about 1 6% in the direction of diameter and the direction of thickness. A 
part of the sintered tjodies thus obtained was cut out as a test sample for measuring thermal conductivity, and evaluated 
for the same rtems as in Exarhple 1. The results are shown in Table 5. 



TABLES 



No. 


Relative den- 
sity (%) 


Thermal con- 
ductivity 
(W/m • K) 


Defect density 


Amounts of subcomponent {% in 
terms of element) 


AIN average 
particle size 
(MJn) 










Yb 


Nd 


La 


Ca 




36 


100 


220 


4 


0.8 








4.0 


37 


100 


230 


4 




0.8 






4.1 


38 


100 


240 


5 


0.4 


0.4 






4.2 


39 


100 


250 


3 






0.8 




4.1 


40 


99 


200 


7 








0.8 


4.9 
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TABLE 5 (continued) 



No. 


Relative den- 
sity {%) 


Thermal con- 
ductivity 
(W/m-K) 


Defect density 


Amounts of subcomponent (% in 
terms of element) 


AIN average 
particle size 










Yb 


(sjd 


La 


Ca 




41 


99 


200 


8 


0.4 






0.4 


4.9 



JO [0054] When the disk shaped sintered samples described above were measured without polishing for the surface 
roughness (Rmax) of the main plane, the flatness of the main plane, and the warp in the direction of diameter o1 the 
main plane, all the samples exhibited results of the same level as Sample No. 14 in Example 1. Ail the samples were 
subjected to finish treatments to have a thickness within the range of 2.0 ± 0.05 mm. a diameter within the range of 200 
mm ±0.5 mm. a warp in the direction of the main plane of about 0.25 jim/mm, and a surface roughness (Rmax) of about 

Example 3 

[0055] By using the finished substrates or the substrate samples of the molded bodies of Example 1 . a susceptor was 
20 produced as a test by laminating plural sheets of these samples. As a n^terial for the insertion layer to laminate these 
substrate samples, the high melting point metallic pastes added with low melting point glass compositions shown in 
Table 6 and the paste containing the various compositions shown in Table 7 were prepared. The numeral values In 
Table 6 are part by weight each foial high melting point metallic layer excluding the component volatile on sintering in 
the paste, and the balance of the high melting point metals, i.a. W, Mo and Ta, wras substantially the total arTK>unt of the 
25 vitreous component. Therefore, in the case of Sample b for example, the total amount of the vitreous component in the 
high melting point metallic layer was 507o by weight 



TABLE 6 



55 



Symbol of insertion layer 


Component and amount ( % by 
weight for amount) 


Proportion of component in vit- 
reous component 




w 


Mo 


Ta 


AI2O3 


SiOs 


CaO 


a 


48 






20 


40 


40 


b 


50 






20 


40 


40 


c 


60 






20 


40 


40 


d 


80 






20 


40 


40 


e 


90 






20 


40 


40 


f 


92 






20 


40 


40 


g 




90 




20 


40 


40 


h 






90 


20 


40 


40 




90 






17 


56 


27 


j 


90 






20 


60 


20 


k 


90 






40 


40 


20 


1 


90 






60 


30 


10 


m 


90 






62 


20 


18 


n 


90 






45 


25 


30 


0 


90 






20 


62 


18 


P 


90 






48 


48 


4 


q 


90 






50 


45 


5 
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TABLE 6 (continued) 



Symbol of insertion layer 


Conponent and amount ( % by 
weight for amount) 


Proportion of compor 
reous compon 


lent in vit- 
ent 




W 


Mo 


Ta 


AI2O3 


Si02 


CaO 


r 


90 






4.6 


22 


32 



TABLE? 



15 



20 



25 



30 



35 



40 



45 



SO 
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Symbol of insertion layer 


Component and anrount (% by weight for amoi 


jnt) 






AIN 


CaO 


MgO 




NdgOg 




LagOs 


Si02 


AI2O3 


A 


78 


11 




11 












B 


80 


10 




10 












C 


85 


8 




7 












D 


90 


5 




5 












E 


85 




8 




7 










F 


85 


8 










7 






G 


85 


15 
















H 


85 






15 












J 




40 












20 


40 


K 




30 




10 








40 


20 


L 




30 


20 










30 


20 



[0056] As the substrates, substrates obtained by working the sintered bodies of Sample Nos. 3, 5, 6, 7. 13, 14, 19, 
28 30 and 39 into a shape having a thickness of 2.0 ± 0.05 mm and a diameter of 200 ± 0.5 mm. and the molded body 
of Sample No 34 before laminating were prepared. With respect to the samples of the worked substrates, a product of 
laminating 3 layers was produced. In each of all the samples other than Sample No. 28. the three sheets for each sam- 
ple were all prepared from the substrate material of the same kind shown in Table 8. The high melting point metallic 
layers and the adhesive layers were combinations of the materials shown in Table 8. 30 samples of susceptors having 
the basic structure shown in Fig. 2C were prepared by using the three substrate sheets of the same kind for each sam- 
ple In the case of Sample No. 28, the substrates for the first layer and the second layer were the same substrate as in 
Sample No 14 and the substrate species of sample No. 28 was laminated as the third substrate. This sample was 
shown as Sample No. 74 in Table 8. With respect to the susceptor sample using the above-mentioned green body 
formed by the doctor blade method, three sets of a laminated moWed body obtained by directly laminating 4 sheets of 
the molded bodies (after sintering, one set of 4 sheets were finally adhered together to iorm one substrate) was pre- 
pared and the insertion layer precursor (the high melting point metallic layer and the adhesion layer) having the same 
combination as in Sample No. 62 in Table 8 sandwiched between the first layer and the second layer and between the 
second layer and the third layer. TTien. they are sintered and bonded by the co-fire method in a nitrogen stream at 
1 800''C for 5 hours and 30 susceptors comprising 3 substrates having the basic structure shown in Figure 2A were 
produced in which each substrate vras formed by sintering and uniting 4 sheets of the above green bodies. The originaJ 
shape of each substrate layer was the same as prepared in the preceding Examples. In this case, the thicknesses of 
the high melting point metallic layer and the adhesive layer were adjusted so as to provide final thicknesses of about 30 
iim and a thickness of 20 \irr\, respectively. These layers were previously formed by printing and coating their precursor 
layers on the substrates of the first layer and the second layer, followed by drying. In all the samples, the high melting 
point metallic layer on the second substrate layer was provided as the electrode in the pattern (viewed from the upper 
side and having an outer diameter D vras 195 mm) shown in Figure 3. In the case of Sample Na 34, the same layers 
having the same sintered pattern was formed on the eighth sheet of the laminated substrates. Thereafter, each assem- 
biy prepared by placing the substrate of the third layer on the uppermost part was sintered and united in a nitrogen 
stream The sintering was conducted at 1 .600* C for 1 hour for the samples using the sintered body as the starting sub- 
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strate and at 1 .SOCC lor 5 hours for the sample using the molded body as the starting substrate. 
[0057] Separately, using a test sample corresponding to each sample shown in Table 8, t>onding strength (sometimes 
called as "peeling strength") ol the high melting point metallic layer was examined Each test sample was prepared by 
firing, onto on a substrate to be the first layer in the assembly, a layer connprising the high melting point metallic com- 

5 ponent to be combined therewith under the same sintering conditions as the above in which the high melting point 
metallic layer had a pattern of circles having a diameter of 2 mm and the same thickness as the above. In the case the 
sample corresponding to Sample No. 28, the bonding strength was examined in the same testing procedures, by select- 
ing a substrate comprising alumina ceramic as the third layer. The bonding strength was measured as follows. After 
forming electroless nickel plating having a thickness of 1 jim on each sample, copper wires having a wire diameter of 1 

10 mm were fixed at arbitrary three positions on the above-described circular high melting point metallic layer formed on 
each test sample with a Sn-Pd series solder, where the copper wire is fixed in the perpendicular direction. Thereafter, 
the main plane of the substrate around the fixed part was fixed horizontally, and the copper wire was pulled in the direc- 
tion perpendicular to the substrate at a constant rate of 0.5 mm/sec by an Instron tensile testing machine, so as to 
measure its peeling strength. This boding strength (kg/mm^) was obtained by dividing the applied load by the area of 

15 the foregoing circular pattern, The results obtained are shown in Table 8. The values in the table were the arithmetic 
mean of the measured values of the three positions. 

[0058] With respect to the samples of the susceptors Immediatdy after lamination and unification, presence or 
absence of vokJ on the surface (condition in which a part of the substrate was deformed on firing to be peeled of from 
the bonded part), and the warp of the susceptor were examined. More specifically, after the susceptor was placed on a 

20 surface plate, the difference between the maximum distance and the minimum distance between the main plane and 
the surface plate was examined by scanning a dial gauge in the direction of the diameter of the main plane, and the 
value obtained by dividing the difference by the diameter thereof was designated as warp. With respect to the disper- 
sion of the outer diameter D of the 30 sarrq3les of the high melting point metallic layer formed in the pattern shown in 
Figure 3 after lamination, they were confirmed by the image processing by using transmission X-ray. As a result, the 

25 warp ol the product obtained by laminating the molded bodies prepared by the doctor blade method was 0,7 |xm/mm. 
whereas the product using the alumina substrate as the third layer shown as Sample No. 74 in Table 8 exhibited a warp 
of 0.3 ^m/mm, and the other samples in the table exhibited the range of from 0.26 to 0.28 ^m/mm. No void was 
observed in the samples shown in Table 8. The width of dispersion of the outer diameter D of the high melting point 
metallic layer immediately after the unification among the 30 samples was 1 .2% for the product obtained by laminating 

30 the doctor blade molded bodies, whereas that for the sample shown in Table 8 was 0.2% or less. 

[0059] The laminated and united samples were subjected to polish working to have a surface roughness Rmax of the 
upper and lower main planes of 0.08 \im, and a warp of the bonded body of about 0.25 itm/mm. The samples after 
working were examined for practical performance. First, separately, a disk shaped heater comprising aluminum nitride 
as a matrix and a W filament embedded therein was prepared. Each sample was placed in such a manner that the 

35 upper surface of its third layer was upward on a disk shaped heater and then arranged in a vacuum chamber of a 
prfasma generation apparatus using high trequwcy wave of 13.56 MHz having the basic arrangement shown in Figure 
1 . Each sample was then treated under an environment of a heating temperature of lOO'C and a CF4 gas plasma den- 
sity of 1 .4 W/cm^ for 5 hours. Thereafter, the density of the etching craters on the third layer of the substrate, which was 
exposed to the plasma, was examined in which the nunnber of the craters having the maximum diameter of 1 jim 

40 present in an arbitrary view f ieW of 1 .000 nxrf on the surface was checked by using an optical microscope. As a result, 
it was 20 per 1.000 ptm^ for Sample No 74. in which alumina was laminated as the third layer substrate, 10 per 1,000 
Hrr? for Sample No. 71 containing a large amount of the sintering aid, 9 per 1 ,000 \xrr? for Sample No. 72 using the sut> 
strata of Sample 13 having a low sintering density, from 4 to 5 per 1 .000 ^im^ for Sample Nos. 68. 70 and 73, and from 
2 to 3 1 ,000 ]im^ for the other sarrples. 

45 



TABLE 8 



No. 


Substrate number 


High melting point metallic layer 


Kind of adhesive layer 






kind 


BorKiing strength 
(kg/mm^) 




42 


14 


a 


2.0 


C 


43 




b 


1.7 




44 




c 


2.0 




45 




d 


2.0 




46 




e 


2.0 





18 



EP 0 940 845 A2 



TABLE 8 (continued) 



No. 


Substrate number 


High melting point metallic layer 


Kind of adhesive layer 






kind 


Bonding strength 
(kg/mnn^) 




47 


- 


f 


2.1 


- 


48 


- 


a 


1.8 


- 


49 


- 


h 


1.8 


- 


50 


• 


j 


1.6 


- 


51 


- 


1 
1 


2.0 


- 


52 


• 




2.2 


- 


53 


m 


1 


2.0 


- 


54 




m 


1.7 


- 


55 


« 




2.3 


- 


56 


• 


Q 


1.8 




57 




n 
P 


1.7 




58 


• 


Q 


2.2 


- 


59 


m 


r 


1 .8 


- 


60 


u 


1^ 


2.2 


A 


61 


m 




2.2 


B 


62 


m 




2.3 


C 


63 


m 




2,3 


D 


64 






2.3 


E 


65 




: 


2.3 


F 


66 


• 


-. 


2.2 


G 


67 






2.3 


H 


68 


3 




2.2 


C 


69 


5 




2.3 


- 


70 


6 




2.2 


- 


*71 


7 




2.2 


- 


*72 


13 




2.3 


- 


73 


19 




2.2 




74 


28 




2.3 




75 


30 




2.2 




76 


39 




2.2 




77 


14 




3.3 


1 


78 


14 




2.9 


J 


79 


14 


m 


2.8 


K 


SampI 


es marked with * are Comparative Examples. 



[00601 It is understood from the results described in the foregoing that by using aluntinum nrtride ceramics as the sub- 
strate and specifying its molding method and firing method, it is possible to obtain a ceramic substrate excellent in cor- 
rosion resistance to plasma, dimensional precision after sintering and surtable for the use in a susceptor for preparation 
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of a semiconductor By laminating a plurality of the substrates with the high melting pdnt metallic layer and the adhesive 
layer as the insertion layer, a ceramic susceptor of an electrostatic chucking type for semiconductor manufacturing 
equipment that has high dimensional precision, excellent plasma corrosion resistance, a long life, and high practical 
reliability that is not conventionally available can bo obtained. 

5 

Example 4 

[0061] The substrate o1 Sample No. 14 (aluminum nitride) and the substrate o1 Sample No. 28 (alumina), produced 
in Example 1 , were prepared. These substrates were subjected to working to have a thickness of 2.0 ± 0.05 mm and a 

JO diameter of 200 ± 0.5 mm. The surface roughness of each sample was almost the same as described before. Then, a 
laminate (Sample A) constituted of three sheets of the substrate of Sample 14 and another laminate (Sample B) con- 
stituted two sheets of the substrate of Sample 14 and one sheet of the sut>strate of Sample 28 laminated as the upper- 
most surface layer thereon were prepared. The insertion layer was a corr^ination of "a" and "C shown in Table 8 for 
both laminates. After lamination and unification were conducted under the conditions set forth in Example 3. a diamond 

J5 layer having a thickness of 5 |Jim was applied onto the main face of the uppermost layer as folkws. The surface of the 
uppermost layer substrate was finished with a diamond grinder (#5000) to make the uppermost surface slightly rough 
and each of the thte treated laminates was placed a vacuum chamber. TTien, the surface of the uppermost substrate 
layer was coated with a dianrand layer by CVD (Chemical Vapor Deposition) using a heater filament, in which the raw 
material gas composed of a mixed gas of 2% methane and 98% hydrogen was introduced at a pressure of 70 Torr. The 

20 temperature of the substrate was 800*0, and the filament tennperature was 2,000*'C. Thereafter, the diamond-coated 
surface and the lowermost surface of each laminate were so finished by polishing that they have a surface roughness 
of Rmax of 0.08 \im and the warp of each laminate was about 0.25 jtm/mm as a whole. The final thickness of the dia- 
mond layer was within the range of from 30 to 32 ^lm for each substrate. Then, each sample was examined in the 
arrangement shown in Fig. 1 for plasma corrosion resistance in the same manner as set forth in Example 3. As a result, 

25 Samples A and B exhibited almost the same results as previously described for the substrates of Sample No. 28 and 
Sample No. 1 4. respectively. 

[0062] Further, each laminate was heated to lOO'C by a lower heater to measure the temperature distribution of the 
uppermost layer. For comparison. Sanrples A' and B" free from the diamond layer were further prepared corresponding 
to Samples A and B, respectively. The temperature of each sample was measured by means of a noncontact type ther- 
30 mograph. The results are shown in JatAe 9. As shown from the results in the table, the temperature distribution was 
greatly improved by coating dianr»ond. 



Table 9 



Sample 


Temperature distribution 




Maximum temperature 
(OC) 


Minimum temperature 
(-C) 


DifferericB in tempera- 
ture ("C) 


A 


97.3 


96.9 


0.4 


A' 


98.1 


94; 1 


3.4 


B 


96.6 


95.2 


1.4 


B' 


97,8 


91.1 


6.7 



45 

Example 5 

[0063] Using each of the laminates prepared in Examples 3 and 4 as a susceptor, a pattern of an Insulating films com- 
posed of silicon nitride was successively formed on many silicon semiconductor wafers, each having an outer diameter 

so slightly less than 200 mm. The sizes of the pattern formed on the wafers, the insulation between the patterns, the 
defects on the susceptor surface, and the wearing and life of the susceptor were examined after surface treating every 
several hundreds of wafers. As a result, their overall evaluation was as follows. Among the susceptors using only the 
substrates of AIN. Sample A of Example 4 exhibited the best results and the order after this best Sample A was as fol- 
lows, Le., the susceptor using the suljstrate of Sanple 14 (e.g.. Sample A' in Example 4) and Sample 73 (using the suth 

55 strata of Sample 19). Sanrple 75 (using the substrate of Sample 30), Sample 76 (using the substrate of Sample 39). 
Sample 68 (using the substrate of Sample 3). Sample 70 (using the substrate of Sannple 6) and Sample 71 (using the 
substrate of Sample 7). The life of the susceptor using the substrate of Sample 1 4 was at least twice that of the suscep- 
tor of Sample 71 . With respect to the susceptors using the substrate of AlgOa as the uppermost layer, the susceptor of 
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Sample B of Example 4 was superior to the susceptor of Sample 74 (i.e.. Sample B' of Example 4). The life of the sus- 
ceptor using only the substrate of AIN was longer than several times that of the susceptor using the substrate of AI2O3 
as the uppermost layer. 

[0064] According to the invention, by laminating a plurality of the substrates with the high melting point metallic layer 
5 and the oxide glass adhesive layer as the insertion layer, an electrostatic chuck having high dimensional precision and 
excellent plasma corrosion resistance that is not conventionally available can be provided. In particular, by using the 
aluminum nitride ceramics containing 1% by weight or less of a compourxi of at least one of Group 3a elements and 
the balance being substantially AIN, the average particle size of which Is controlled to the range of from 2 to 5 jim as 
the substrate, a susceptor for semiconductor manufacturing equipment having an electrostatic chuck having high prac- 
10 tical reliability can be provided. 

Claims 

1. A susceptor for semiconductor manufacturing equipment which retains a semiconductor raw material by means of 
)5 an electrostatic charge, which comprises plural substrates comprising an aluminum nitride ceramic laminated with 

a high melting point metallic layer and an adhesive layer. 

2. A susceptor for semicorxluctor manufacturing equipment as claimed in claim 1 , wherein the aluminum nitride 
ceramic comprises from 0.01 to 1% by weight of a Group 3a element and the average particle size of the AIN crys- 

20 tals is in the range of from 2 to 5 jim. 

3. A susceptor for semiconductor manufacturing equipment as claimed in claim 2, wherein the thermal conductivity of 
the aluminum nitride ceramic substrate is 150 W/m.K or above. 

25 4. A susceptor for semiconductor manufacturing equipment as claimed in any one of daims 1 to 3, wherein the upper- 
most substrate of the laminated substrates comprises a ceramic other than an aluminum nitride ceramic. 

5. A susceptor for semiconductor manufacturing equipment as claimed in any one of the preceding claims, wherein 
the uppermost substrate of the laminated substrates is coated with a diamond layer. 

$0 

6. A susceptor for semiconductor manufacturing equipment as claimed in any one of the preceding claims wherein 
said substrate has 5 or less pores having a maximum diameter exceeding 1 nm at a triple point of grain boundaries 
in an arbitrary rupture section of 1,000 p,m^. 

35 7. A susceptor for semiconductor manufacturing equpment as claimed in any one of the preceding claims wherein 
the high melting point metallic layer comprises at least one element selected from the group consisting of W. Mo 
andTa. 

8. A susceptor for semiconductor manufacturing equipment as claimed in claim 7. wherein the high melting point 
40 metallic layer comprises a low melting point glass. 

9. A susceptor for semiconductor manufacturing equipment as claimed in claim 8, wherein the low melting point glass 
is an oxide glass comprising at least one element selected from the group consisting of Ca, Al and Si. 

45 10. A susceptor for semiconductor manufacturing eqiipment as claimed in any one of the preceding claims wherein 
the adhesive layer comprises 80% by weight or nnore of aluminum nitride (A1N) and the balance consisting essen- 
tially of a compound of an element of Group 2a and an element of Group 3a of the periodic table. 

11. A susceptor for semiconductor manufacturing eqiipment as claimed in any one of the preceding claims wherein 
50 the said adhesive layer comprises the same oxide glass as the low melting point glass included in the Ngh melting 

point metallic layer. 

12. A susceptor for semiconductor manufacturing equipment claimed in any one of the preceding claims wherein the 
warp in the direction of a main plane is 0.3 jtm/mm or less. 

55 

13. A susceptor for semiconductor manufacturing equipment as claimed in any one of claims 1 to 11 , wha-ein the dis- 
persion width of an outer dimension in the direction of a main plane of a pattern of the high melting point metallic 
layer is 1 % or less. 
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14. A process for producing a susceptor for semiconductor manufacturing equipment which retains a semicorxiuctor 
raw material by electrostatic charge, said process comprising the steps of (1) lormtng a mixture by adding a powder 
01 a sintering aid to a powder of aluminum nitride and mixing these powders; (2) forming a molded body by molding 
said mixture; (3) forming a sintered body by firing said molded body in a non-oxidizing atmosphere at a temperature 
in the range of from 1.600 to 2.000*'C: (4) forming a substrate by working said sintered body into a desired shape; 
(5) pr^aring plurality of said siA)Strates. and a material forming a high melting point metallic layer and a material 
farming an adhesive layer as insertion materials; (6) forming an assembly by laminating said substrates with sand- 
wiching said insertion materials; (7) firing said assembly into a laminate in a non-oxidizing atmosphere at a temper- 
ature in the range of from 1 ,500 to IJOO'^C; and (8) finishing said laminate. 

15. A process for producing a susceptor for semiconductor manufacturing equipment as claimed in claim 14, wherein 
step (1) corrprises forming the mixture by adding to the aluminum nitride powder from 0.01 to 1% by weight of a 
powder of a compound of an element of Group 3a of the periodic table and mixing the powders. 

16. A process for producing a susceptor for semiconductor manufacturing equipment as claimed in claim 15. wherein 
the compound of at least one Group 3a element is an organic salt of said element 

17. A process for producing a susceptor far semiconductor manufacturing equipment as claimed in claim 15, wherein 
the compound of at least one Group 3a element is a stearate of said element 

18. A process for producing a susceptor for semiconductor manufacturing equipment as claimed in any one of claims 
' 14 to 17, wherein the molded body is fired in a non-oxidizing atmosphere at a temperature in the range of from 

1 .600 to VoOO'^C, and then cooled to 1 :500''C at a cooUng rage of 2G0**C per hour or more to form a sintered body. 

A process for producing a susceptor for semiconductor manufacturing equipment as defined in any one of claims 
14 to 18, wherein the raw material forming the high melting point metallic layer comprises at least one element 
selected from the group consisting of W. Mo and Ta. 

20. A process for producing a susceptor for semiconductor manufacturing equipment as claimed in claim 19, wherein 
the raw material forming the high melting point metallic layer comprises a low melting point glass. 

21. A process for producing a susceptor for semiconductor manufacturing equipment as claimed in claim 20. wherein 
" the low melting point glass is an oxide glass comprising at least one element selected from the group consisting of 

Ca, Al and Si. 

22. A process for producing a susceptor for semiconductor manufacturing equipment as claimed in one of claims 14 to 

21. wherein the raw material forming the adhesive layer comprises 80% by weight or more of aluminum nitride 
(AIN) and the balance consisting essentially of a compound of an element of Group 2a and an element of Group 
3a of the periodic table. 

23. A process for producing a susceptor for semiconductor manufacturing eqiipment as claimed in one of daims 1 4 to 

22. wherein the material forming the adhesive layer comprises the same oxide glass as the low melting point g^ass 
included in the material forming the high melting point melting point metallic layer. 

24. A process for producing a susceptor for semiconductor manufacturing equipment as claimed in one of daims 14 to 

23. wherein In said step (5) a ceramic other than an aluminum nitride c^amic is provided as the uppermost sub- 
strate of the substrates to be laminated. 

25. A process for produdng a susceptor for semiconductor manufacturing equipment as daimed in one of daims 14 to 
' 1 9, wherein st^ (8) includes forming a diamond layer onto an uppermost substrate of the substrates. 
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